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The  highest  average  rate  of  fire  observed  was  837-  shots 
per  minute.  At  this  speed  the  ring'  spring  buffer  was  driven 
solid  and  the  Ml  feed  failed  to  maintain  its  winding.  The 
forces  at  the  trurtnlops  were  not  excessive. 

,,  An  average, rate  of  approximately  750.  shots  per  minute  , 
16  the  highest  rate  that  can  be  expected  with  proper  func¬ 
tioning  of  the  gun  and  feed. 


INTRODUCTION 


1.  The  Chief,  of  Ordnance  directed 
‘  APG  472.5/317-790  tfiat  an  investigation 

highest  possible  rate  of  fire  and  still 
t toning  of  the  .run. 

2.  Proper  functioning  of ' the  gun 
as  p’ollows: 


in  GO  492.9i/.42u2, 
ho  made  to  obtain  the 
maintain  proper  func- 

in  this  test  is  defined 


winding 
that  trie 

3. 

of  fire 


there  should  be  sufficient  recoil  to  maintain 
e  Mi  feed; 

the  velocity  o,  the  ‘'olt  should  be  low  enough  so 
plate  bailor  Will  not  be  driven  solid;  ana 

the  trunnion  reactions  should  be  reasonably  low. 


from  past  Linings  the  f  oil  owing  had  been  observed: 

a.  The  gun  recoil  distance  was  decreased  as  the  rate 
was  increased  by  enlarging  the  gas  vents. 


b. 


T’m 


maximum  rate  of  fire  for  any  one  condition  of 
driving  spring  or  gas  vents  occurred  when  the  impact-  between  the 
bolt  and  the  buffer  cane  just  before  tne  gun  returned  into 
battery  after  recoiling. 


c.  When  the  rate  of  fire  is  increased  by  tne  shortening 
of  the  driving  spring  (all  else  remaining  constant) ,  the  time 
ratio  between  the  recoil,  and  the  counter-recoil  of  the  bolt  is 
approximately  1:2.  With  a  suTficj ently  strong  spring  this  ratio 
becomes  approximately  1:1.  . 


d. 

with  a  coii 


Tne  time  of  counter  recoil  of  the  bolt  is  shortest 
spring  back  plate  buffer  plus  a  strong  driving  spring. 


e.  The  coil  spring  buffer  was  compressed  solid  at 
approximately  675  shots  per  minute,  while  the  ring  spring  buffer 
seemed  not  to  go  solid  until  a  rate  of  fire  above  753  .shots  per 
minute  was  reached. 


4.  From  the  above  observations  it  -  appeared  that  the  Ml 
adapter  was  not  suitable  for  this  test,  inasmuch  as  certain 
adjustments  in  the  recoil  of  tne  gun  must  be  made  as  the  rate 
of  fire  was  increased.  The  standard  front  spring  adapter  was 
selected  because  its  recoil  spring  produced  a  much  faster 
counter-recoil  and  was  more  easily  adjusted.  To  eliminate  the 
high  counter-recoil  forces,  the  air  piston  was  replaced  by  a 
ring  spring  counter- recoil  unit. 
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MATERIEL  A ND  APPARATUS 


5.  The  following  materiel  and  apparatus  was  used  in  this 

test: 

a.  20  mm  Gun,  M2  (Olds) ,  No.  30013;  Tube  No.  30021. 
Rounds  fired  previous  to  this  test,  5307. 

b.  Adapter,  Ml.  Standard  front  spring  with  air  piston 
replaced  by  a  ring  spring  counter-recoil  unit. 

c.  Bolt,  latest  type  extractor,  solid  slides  and 
floating  firing  pin. 

d.  Buffer,  combination  coil  and  ring  spring. 

e.  Feeds,  Ml;  Dram. 

f.  Ammunition,  Ball.  Lot  Nos.  3-50243-259  and 

1-50422-7.  *  . 

g.  One  solenoid  coil  plus  the  cathode  ray  oscillograph 
to  obtain  cyclic  rate. 

h.  Piezo-electric  gages  and  the  cathode  ray  oscillograph 
to  determine  the  forces  at  the  trunnions.. 

i.  A  displacement-time  camera  to  record  the  movements 
of  the  gun  and  bolt. 


PROCEDURE  AND  RESULTS 

6.  Two  short  driving  springs  were  selected:  one  with  a 
free  height  of  23.7  in.  (k  =  7.7  lbs.  per  in.);  and  the  other 
with  a  free  height  of  23.2  in.  (k  =  7.2  lbs.  per  in.).  When  the 
size  of  the  vents  was  varied  (from  .068  to  .080  in.)  it  became 
apparent  that  the  stronger  spring  produced  the  .better  rates  of 
fire,  therefore  the  weaker  spring  was  discarded.  In  order  to 
maintain  sufficient  recoil  to  wind  the  Ml  feed  and  to  keep  the 
impact  between  bolt  and  buffer  near  the  end  of  counter-recoil, 
the  assembled  height  of  the  recoil  spring  was  varied  (11.94  in., 
11. 44  in.,  and  11.31  in.). 

The  highest  average  rate  of  fire  for.  a  7  or  10  round 
burst  was  837  shots  per  minute.  This  was  obtained  with:  driving 
spring,  free  height,  23.7,  k  =  7.7  Ibs/in;  gas  vents,  .080  in.; 
assembled  length  of  the  recoil  spring,  11.31  in.;  and  the  breech 
lock  ground  on  the  upper  rear  corners. 

7.  When  the  above  assembly  was  fired  with  the  Ml  adapter 
replacing  the  coil  and  ring  spring  units,  the  resulting  rates  of 
fire  were  much  lower.  The  drum  feed  with  a  muzzle  brake  was, 
also  tried. 
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8.  The  forces  at  the  trunnions  were  determined.  The 
greatest  forces  observed  were:  in  the  direction  of  recoil, 

1260  lbs.;  in  the  direction  of  counter-recoil,  2610  lbs. 

9.  The  functioning  characteristics  of  each  round  are  given 
in  Tables  1A  and  IB.  Supplementing  these  tables  are  the  follow¬ 
ing  charts;  Figure  1,  Displacement  vs.  time  tracing  of  a  single 
round  taken  from  a  ten  round  burst;  Figure  2,  the  velocity  6f  • 
the  bolt  at  the  end  of  unlocking  and  at  the  beginning  of  buffer 
compression,  the  firing  pin  velocity,  and  the  buffer  compression, 
all  as  functions  of  the  rate  of  fire;  Figure  3*  Calibration 
curves  of  the  recoil  spring  and  counter-recoil  ring  spring  unit . 

ACCCUACI 


10.  The  '“oil owing  accuracies  apply  to  the  reading  of  the 
records  only. 

a.  Displacements,  +  .03  inch. 

b.  Trunnion  reactions,  _+  20  lbs. 

c.  Cyclic  rates,  +  3  shots  per  minute. 

DISCUSSION 


11.  In  the  above  test  It  was  noted  that: 

a.  As  the  rate  of  fire  v.as  increased  through  the 
enlarging  of . the  gas  vents,  the  recoil  distances  became  shorter. 
This  was  to  be  expected,  however,  since  the  increase  in  energy 
expended  to  blow  the  bolt  rearward  with  greater  velocity  detracted 
from  the  energy  of  the  recoil  of  the  gun. 

b.  At  a  rate  of  fire  of  about  800  shots  per  minute, 
the  ring  spring  buffer  was  driven  solid. 

c.  Also  at  the  rate  of  fire  of. 800  shots  per  minute, 
the  movement  of  the  gun  was  too  fast  to  allow  the  feed  to 
function  properly.  Consequently,  even  though  some  of  the  recoils 
were  sufficiently  long,  the  feed  lost  winding  on  every  round. 

d.  ho  malfunctions  of  any  nature  were  observed,  except 
the  non-winding  of  the  feed  at  the  rate  of  fire  mentioned. 

12.  Although  comparatively  few  rounds  were  fired,  there  are 
indications  that  much  higher  rates  of  fire  could  be  obtained,' 
depending,  however,  upon  some  rather  drastic  changes  in  the  gun. 
The  most  important  changes  are: 


read j as  tment  of  the  hi  adapter  for  shorter 


recoil  distances. 


b. 


redesign  of  the  back  plate  buffer. 


c.  The  use  of  the  drum,  feed  or  the  design  of  a  new 
feed  (preferably  a  built-in  feed  divorced  from  the  recoil  of 
the  gun)  which  will  function  much  more  quickly  on  shorter  recoil 


distances . 


13-  The  readjustment  of  the  adapter  will  be  simple  in  that 
the  initial  compression  cf  the  coil  spring  should  be  increased 
to  approximately  580  lbs.  (The  rate  of  the  standard  coil  spring 


most  the 


lam¬ 


as  that  of  the  coil  spring  in  the  Ml  adapter,) 


14.  The  back  plate  buffer  can  be  redesigned  to  inclose  < 

much  heavier  coil  spring.  (A  sketch  of  a  proposed  change  is 
included  herewith.)  Based  on  a  rate  of  1000  shots  pur  minute;, 
the  buffer  spring  should  have:  initial  comp  1  .  do  ib.5,, 

and  k,  2200  ibs.  per  inch.  With  these  characteristics  the 
back  plate  will  bo  able  to  absorb  the  energy  of  the  bolt  when 
it  hits  the  buffer  at  approximately  40  ft.  per  second. 

15.  Due  to  the  construction  of  the  gun  there  are  three 
sources  of  energy  which  may  bo  tapped  to  operate  a  mechanical 


the  entire 


’.a; 


rr”-'~  Ml  feed,  wound  by  the  recoil 


(2)  tb, 

r 

ire  up  to  7' 


r:V,0'tS 


feed.  These  are:  (l)  the  recoil  o 
gas  piston,  and  (3)  the  bolt.  The 

of  the  gun,  is  fairly  satisfactory  at  rates  o  ■  up  uo  r  ?.u  ax 

per  minute,  but  aoes  not  function  at  speeds  above  800  shots  per 
minute.  Winding  of  the  Mi  food  has  been  accomplished  tnrough 
the  action  of  the  gas  piston  rod,  but  the  rate  of  fire  was 
relatively  low  even  though  the  gas  vents  were  considerably  enlarged 
At  :igh  speed,  therefore,  either  tne  dram  feed  must  be  used  or 
a  feed  constructed  that  is  not  altogether  dependent  on  the  recoil. 
The  power  for  such  a  feed  may  be  obtained  either  from  the  bolt 
or  from  a  combination  of  the  recoil  and  gas  cylinder  piston  red. 
From  automatic  guns  already  in  use  it  appears  that  power  from 
the  bolt  could  be  used  more  simply  and  efficiently^  yet  it  is 
doubtful  if  a  " 

be  obtained. 


rate  of  fire  equal  to  tnat  of  a  drum  feed  could 


also 


v 

1 6 ,  Ha t e s  o f  •/ i re  a b 0 v e 
be  obtained  by: 


those;  observed  in  this 


test  may 


a . 

Cutting  down  the  time  in  which  the 

bolt  is  locked. 

b. 

Increasing 

the  forward  velocity  (fi 

ring  pin 

velocity)  of 

the  slides. 

c . 

Increasing 

the  rearward  velocity  of 

the- bolt. 

d  . 

Increasing 

the  forward  velocity  of 

the  bolt. 
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17.  In  order  to  decrease  the  time  that  the  bolt  remains 
in  the  locked  ]:  or  1.  td.cn,  it  is  possible  to  increase  the  diameter 
of  the  gas  vents,  to  move  the  gas  port  rearward  so  that 
unlocking  occurs  sooner  or  to  combine  both  of  those  methods. 


18.  If  the  forward  velocity  (firing  pin  velocity)  of  the 
slides  is  increased,  the  firing  of  the  primer  can  be  accomplished 
more  quickly,  thereby  reducing  tne  time  per  cycle  by  2  or  3 
milli-seconds .  Increasing  the  firing  'pin  velocity  is  effected 
by  grinding  the  upper  and  loner  rear  edges  of  the  breech  lock 
arid  the  lower  rear  edges  of  each  slide  so  as  to  lessen  con¬ 
siderably  the  impact  between  breech  .lock  and  slides  when  locking 
occurs.  Firing  pin  velocities  approaching  the  terminal  velocity 
of  the  bolt  :uav  be  obtained  In  this  manner . 


19.  The  rearward  velocity  of  the  .bolt  is  a  function  of 
the  blow back  pressure  at  unlocking  and  the  velocity  with  which 
the  gas  cylinder  rod  moves  during  the  last  quarter  inch  of  its 
travel .  Increasing  th  is  rearward  velocity  can  be  brought  about 
either  by  enlarging  the  gas  vents  or  by  moving  tho  gas  port 
rearward . 


20.  The  forward  velocity  of  the  bolt  may  be  increased  by: 


a.  A  coil  spring  in  the  buffer  (with 
so  that  the  velocity  of  the  bolt  when  it  leaves 
equivalent  to  the  velocity  noon  impact. 

b.  A  proper  selection  of  the  driving 


low  hysteresis) 
the  buffer  is 


spring 


CQKCLJblUk 

21.  The  following  conclusions  are  drawn: 

a.  The  gun  as  is,  when  equipped  with  a  ring  spring 
buffer  and  properly  selected  gas  vent,  driving  spring  and  recoil 
spring,  can  be  made  to  fire  7yJ  shots  per  minute  without  undue 
hardship  on  the  mechanism. 


b.  There  is  sufficient  evidence  from  the  firings  to 
show  that  the  rate  of  fire  may  be  increased  to  approximately  1000 
shots  per  minute  by: 

1)  Proper  adjustment  of  the  recoil  and  driving 
springs  and  gas  vents. 

2)  Using  the  drum  feed  or  constructing  a  feed 
which  will  operate  much  faster  and  on  less 
recoil  taan  the  hi  feed. 

3)  Designing  a  back  plate  buffer  capable  of 
absorbing  at  least  ikOO  in. -lbs.  of  energy 
before  go ing  solid. 
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c.  Excessive  crush  of  the  forward  end  of  the  case  and 
gouging  of  the  rim  may  occur  at  this  speed,  but  this  was  not 
indicated  in  the  firings. 

22.  The  functioning  of  the  gun  as  given  in  this  report  is 
in  relation  to  a  very  rigid  mount.  Where  the  degree  of  flexibility 
is  different,  a  difference  in  the  functioning  wiij.  probably  be 

noted . 


R .  F .  Cronin 


S3M0N f  “XN3W30V1dS<0 


TABLE  I 


Results  of  Increasing  the  Rate  of  Fire 
20  ki/jh  Gun,  M2  (olds).  No.  30013,  Tube  Go.  30021;  Feed,  Ml  (C.F.S.) 
Buffer,  Combination  Ring  and  Coil  Spring 


Gun 

Ann. 

’.'ax . 

I  !ax . 

Velocity  of  Bolt 

Firing 

Position  of  Slides 

Rate  of 

Fire 

Rd. 

Lot  No. 

Recoil 

Buffer 

at 

at 

Pin 

Relative  to  the 

Per 

No. 

Comp. 

unlocking 

beginning  Velocity 

Dolt  at  beginning 

Round 

Average 

of  buffer 

of  unlocking 

in. 

in. 

f/s 

f/s 

f/s 

in. 

s/m 

Standard  Front  Recoil  Sp 

ring  and 

Bdgewater  ftinj 

;  Spring  Counter-recoil  unit. 

Gas  Vents, 

.063  in 

;  Driving 

;  Spring,  tree  ht.  = 

23 .7  in.;  k  = 

7*7  Ibs/in.  Recoil 

Spr.  Ass. 

Ht. ,  11.31  in. 

3310 

Ball 

.75 

•ii3 

26.5 

15.5 

9.8 

.12 

652 

5311 

3-50213- 

.71 

.17 

26.9 

— 

12.0 

.15 

668 

5312 

259 

.69 

.U2 

27.9 

— 

12.5 

.11 

660 

5313 

.79 

•  h3 

28.1 

15.3 

12.0 

.13 

653 

53  Hi 

.31 

.55 

27.9 

17.0 

11.9 

.10 

678 

66? 

5315 

.83 

.53 

23.3 

16.7 

11.5 

.09 

663 

5316 

.66 

.Ui 

23.3 

15.2 

9.5 

.15 

660 

5317 

.83 

— 

26.2 

— 

11.9 

.10 

686 

5318 

.85 

.52 

27.6 

11.9 

.09 

687 

5319 

— 

— 

20.9 

17.6 

13.0 

.0? 

— 

Gas 

Vents,  . 

075  in.  Driving  Spring,  Free  Ft.  ; 

:  23.7  in.;  k  -  7.7  lbs/in. 

5320 

II 

.85 

.55 

31.8 

_ 

9.5 

.20 

728 

5321 

.72 

.55 

29.2 

— 

10.7 

.11 

723 

5322 

.75 

•55 

30.5 

— 

12.6 

•09 

717 

5323 

.76 

.55 

29.9 

— 

9.7 

.15 

721 

53  2k 

.77 

— 

30.0 

— 

.12.5 

.11 

712 

5325 

.85 

— 

28.6 

— 

1C. 7 

.13 

695 

709 

5326 

.85 

— 

29.1 

— 

12.2 

.09 

698 

5327 

.31 

.52 

29.9 

— 

10.9 

.09 

692 

5328 

.85 

— 

29.1 

— 

11.5 

.15 

701 

5329 

•  8ii 

— 

30.2 

— 

12.3 

.09 

707 

5330 

— 

— 

31.7 

— 

11.7 

— 

— 

TABLE  I 


Results  of  Increasing  the  Rate  of  Fire 
20  n/m  Gun,  M2  (olds),  No.  30013,  Tube  No.  30021;  Feed,  K1  (C.F.S.) 
Buffer,  Combination  Bing  and  Coil  Spring 


Gun 

Arran. 

Max. 

Max  • 

Velocity 

of  Bolt 

Firing 

Position  of  Slides 

Rate  of  Fire 

Rd. 

Lot  No. 

Recoil 

Buffer 

at 

at 

Pin 

Relative  to  the 

Per 

No. 

Comp. 

unlocking 

beginning 

Velocity 

Bolt  at  beginning 

Round  Average 

of  buffer 

of  unlocking 

in. 

in. 

f/s 

f/s 

f/s 

in. 

fe/m 

Gas 

Vents, 

.075  in.,  Driving  Spring,  Free  Ht. 

,  -  23.2  in.,  k  =  7.2 

lba/in. 

5331 

Ball 

.69 

.52 

_ 

26.6 

9.0 

.16 

770 

5332 

3-50263- 

.69 

.56 

— 

— 

12.6 

.08 

763 

5333 

259 

.69 

.53 

— 

— 

12.6 

.11 

750 

5331; 

.71 

.52 

— 

25.9 

11.6 

.08 

752 

5335 

.77 

— 

— 

— 

10.2 

.11 

733  763 

5336 

-72 

— 

— 

— 

11.0 

.11 

735 

5337 

.75  • 

.63 

— 

22  06 

12  .6 

.12 

720 

533  3 

.76 

— 

— 

— 

9-9 

.03 

766 

533  9 

.30 

— 

— 

— 

10.1 

.10 

760 

6340 

— 

— 

— 

— 

10.1 

.12 

— 

53)4.1 

t! 

.30 

-66 

29.3 

22.3 

8.7 

.17 

722 

53l;2 

.72 

.65 

30.2 

23.0 

10.6 

.09 

737 

53)43 

.77 

.67 

30.2 

— 

10.5 

.13 

716 

53UU 

.76 

•66 

31.5 

— 

10.6 

.09 

737 

5365 

.76 

— 

29-5 

— 

10.6 

.13 

765  727 

5366 

.79 

.65 

29.1 

— 

10.2 

.13 

712 

5367 

.30 

.62 

30.2 

— 

9.9 

•16 

716 

5363 

.82 

066 

31.3 

— 

10,6 

.09 

727 

5369 

.S3 

.60 

29.1 

— 

.9.9 

.12 

716 

5350 

— 

— 

29.3 

- — 

9.6 

.13 

— 

TABLE  I 


/ 


Results  of  Increasing  the  .Rate  of  Fire 
20  n/n  Gun,  M2  (Olds),  Mo.  30013,  Tube  No.  30021;  Feed,  Ml  (C.F.S.) 


Buffer,  Combination  . 

Ring  and  C 

oil  Spring 

Gun 

Anm  Max . 

Max. 

Velocity 

of  Bolt 

Firing 

Position  of  Slides 

Rate 

of  Fire 

Rd. 

Lot  No.  Recoil 

Buffer 

at 

at 

Pin 

Relative  to  the 

Per 

No, 

Comp . 

unlocking 

beginning 

Velocity 

Bolt  at  beginning 

Round 

Average 

* 

of  buffer 

of  unlocking 

in. 

in. 

f/s 

f/s 

f/s 

in. 

s/m 

Vents, 

.075  in.,  Driving  Soring 

,  Free  Ht. 

=  23 .7,  k  •  7.?  lbs/in 

• 

5351 

.72 

_ 

30. S 

8.9 

•  Hi 

71*7 

5352 

.67 

— 

30.  U 

— 

13.0 

*03 

716 

53  53 

.70 

— 

31.0 

— 

10.6 

.09 

722 

535U 

.73 

— 

31.7 

— 

9.5 

.11 

715 

5355 

.79 

— 

32.5 

— 

12.1 

.11 

71*8 

725 

53  56 

.71* 

— 

31.0 

— 

10.3 

.10 

721 

5357 

.57 

— 

32.2 

— 

10.6 

.09 

715 

5355 

.75 

— 

32.5 

— 

10.8 

.11 

717 

53  59 

.76 

— 

32.3 

— 

9.3 

.11 

5360 

— 

— 

31.7 

— 

12.8 

.12 

— 

Fas  Vents, 

.075  in. 

;  Driving  Spring,  Free  Tit.  =  23.7, 

k  =  7.7  lbs/in.;  Ground  Breech  Lock 

5361 

o32 

.51 

30.7 

23.2 

9.5 

.12 

773 

5362 

.63 

32.0 

13.5 

.09 

755 

5363 

.63 

33.0 

12.1 

.11* 

766 

536U 

.65 

32.0 

12.9 

.  .12 

735 

7 1*6 

5365 

.70 

29.3 

13.9 

.09 

722 

5366 

•76 

31*  .1* 

11.1 

.10 

7 1*7 

5367 

.75 

31.7 

13 .1* 

.08 

739 

5368 

.79 

32.0 

13.7 

.09 

717 

5369 

.7U 

31.7 

12.3 

.09' 

761* 

5370 

— 

33.3 

13.  1* 

.09 

- - 

TA^LE  I 

Results 

of  Increasing  the  Rate  of  Fire 

20  m/m  Gun 

,  H2  (Olds) 

,  No.  30013 

,  Tube  Nc  „ 

30021;  Feed,  HI  (C.F 

.s.) 

Buffer,  Combination  Ring  and  C 

oil  Spring 

Gun  Amn . 

Max . 

Max. 

Ve loc ity 

of  Bolt 

Firing 

Position  of  Slides 

Rate 

of  Fire 

Rd.  Lot  T.y, 

o.  Recoil 

Buffer 

at 

at 

Pin 

Relative  to  the 

Per 

No. 

Comp. 

unlocking 

beginning 

Velocity 

Bolt  at  beginning 

Round 

Average 

of  buffer 

of  unlocking 

in. 

in. 

f/s 

f/s 

f/s 

in. 

s/m 

5371 

.71 

.59 

33.0 

26.9 

9.7 

.21 

800 

5372 

.56 

.53 

31.9 

— 

15.  1* 

.10 

789 

5373 

An 

31.0 

— 

12.9 

.08 

615 

53  7 U 

.67 

33.6 

— 

11.9 

.08 

816 

5375 

.81 

33 .0 

— 

lli. 3 

.11 

7U5 

71*7 

5376 

•  75 

32.2 

— 

11.0 

.11 

71*0 

5377 

.73 

31.6 

— 

10.6 

.08 

7)42 

5373 

.79 

.1*9 

31.6 

— 

11.7 

.10 

737 

5379 

.78 

31.9 

— 

11.1* 

.Hi 

7 1*1 

5380 

— 

31.6 

— 

12.8 

t 

o 

CD 

— 

5331 

.73 

_ . 

•  32.2 

_ 

9.5 

.13 

71*7 

5332 

•65 

— 

32.7 

— 

11.5 

.12 

778 

5383 

.66 

— 

32.7 

— 

U. U 

.10 

675 

5331* 

.60 

— 

31.6 

— 

13.1 

.10 

71*3 

5335 

.75 

— 

32.2 

— 

10.9 

.10 

75U 

71*1* 

5336 

.66 

— 

33.2 

— 

15.7 

.11* 

786 

5337 

.73 

— 

31.6 

— 

16.0 

.07 

735 

53  8  8 

.73 

— 

31*.  >4 

— 

13.1 

.07 

766 

5339 

oS5 

— 

29.  1* 

— 

13.2 

,11l 

71 1* 

5390 

33.0 

12.7 

.n 

TABLE  I 


Results  of  Increasing  the  Rate  of  Fire 
20  m/B  Gun,  M2  (Olds),  No.  30013,  Tube  No.  30021;  Feed,  Ml  (C.F.S.) 
Buffer,  Combination  Ring  and  Coil  Spring 


Gun  Amm. 

Max . 

Max . 

Velocity 

of  Bolt 

Firing 

Position  of  Slides 

Rate 

of  Fire 

Rd.  Lot  No. 

Recoil 

Buffer 

at 

at 

Pin 

Relative  to  the 

Per 

No . 

Comp. 

unlocking 

beginning 

Veloci ty 

Bolt  at  beginning 

Round 

Average 

of  buffer 

of  unlocking 

in. 

in. 

f/s 

f/s 

f/s 

in. 

s-/m 

Assembled  Ht.  of  Recoil  Spring  11.94 

in.  Vents,  .030  in. 

5391 

.87 

32.1 

_ 

9.9 

.16 

734 

5392 

.98 

— 

33.6 

— 

12  .4 

.11 

715 

5393 

.97 

— 

32.2 

— 

11.9 

.08 

735 

5394 

.98 

— 

33 .0 

— 

13.1 

.08 

733 

5395 

.87 

— 

33.2 

— 

13.3 

.07 

733 

729 

5396 

.86 

— 

33.0 

— 

13.0 

.11 

728 

5397 

.36 

— 

34.4 

— 

12.3 

.11 

707 

5398 

.36 

— 

31.0 

— 

12.0 

.07 

722 

5399 

.87 

— 

33.0 

— 

12.8 

.12 

754 

5400 

— 

— 

33.0 

— 

12.9 

.08 

— 

Assembled  Ht.  of 

Recoil  Spring  11.31 

in.  Vents,  .080  in. 

• 

5Uoi 

•  59 

— - 

34.0 

—r_ 

9.7 

.14 

830 

5402 

.45 

— 

37.3 

— 

14.3 

.08 

812 

5403 

.51 

— 

35.1 

— 

11.3 

.11 

789 

5404 

.56 

34.7 

— 

12.4 

.11 

307 

5405 

.62 

— 

33.0 

— 

13.6 

oil 

780 

5406 

•  63 

— 

33.6 

— 

12.8 

.11 

739 

801 

5407 

.65 

— — 

36.6 

— 

13.3 

.07 

79$ 

5408 

— 

— 

35.8 

— 

13.3 

.06 

794 

5409 

— 

— 

39.0 

— 

14.5 

.04 

fT7  A  D  T  IT  T 
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Results  of  Increasing  the  Rate  of  Fire 
20  n/m  Gun,  112  (Olds),  Go.  30013,  Tube  No.  30021;  Feed,  Ml  (C.F.S.) 
Duffer,  Combination  Ring  and  Coil  Spring 


Gun  Amm. 

Max. 

Fax . 

Velocity 

of  Bolt 

Firing 

Position  of  Slides 

Rate 

of  Fire 

Rd.  Lot  Mo. 

Recoil 

Duffer 

at 

at 

pin 

Relative  to  the 

Per 

No. 

Comp . 

unlocking 

beginning 

Velocity 

Bolt  at  beginning 

Round 

Avera; 

of  buffer 

of  unlocking 

in. 

in. 

f/s 

f/s 

f/s 

in. 

s/m 

.Recoil  Spring 

Assembled 

Kt.  -  11.31 

in.;  Vents,  .030 

55io 

.59 

•59 

33.2 

27.3 

9-3 

.20 

855 

55li 

-1x8 

•55 

33.5 

27.6 

39.9 

.06 

305 

5512 

•  57 

.63 

33-2 

27.5 

15.5 

.03 

811 

5513 

.53 

.61 

35.2 

29.5 

13-8 

.16 

306 

oh  Hi 

.55 

.61 

35.0 

23.2 

15.5 

.03 

323 

310 

5515 

.53 

.  6u 

35.6 

25.7 

12.6 

.07 

303 

55 16 

lost 

lost 

35.0 

33.9 

13.5 

lost 

300 

5517 

— 

— 

35.6 

— 

15.9 

— 

735 

55i3 

— 

— 

— 

— 

15.5 

— 

lost 

5519 

— 

— 

35.9 

31.9 

— 

— 

— - 

Vents,  .080  in.;  Muzzle  brake  and  drum  feed 

5520 

.57 

.61 

36.7 

29.7 

9.5 

.22 

353 

5521 

.39 

— 

36.5 

29.7 

15.6 

.06 

775 

5522 

.51 

.52 

36.2 

26.5 

11.9 

.12 

775 

5523 

— 

— 

36.2 

30.0 

15.2 

.07 

735 

5525 

— 

— — 

3<.S 

26.5 

15.0 

.06 

775 

783 

5525 

.55 

.55 

35-7 

25-5 

13-0 

.13 

769  - 

5)426 

— 

— 

37.5 

29.0 

15.0 

— 

775 

5527 

— 

.56 

37.9 

27  -3 

12.0 

— 

795 

5ii23 

— 

.57 

36.2 

35.3 

15.0 

— 

798 

5529 

— 

— 

35.7 

30.0 

15.1 

— 

— - 

table:  i 


Results  of  Increasing  the  Rate  of  Fire 
20  n/m  Gun,  1:2  (Olds),  No.  30033,  Tube  No.  20031;  Feed,  ILL  (C.F.S.) 
Buffer,  Combination  Ring  ai1  Coil  Spring 


Gun 

Amm. 

Max. 

Max . 

Velocity 

of  Bolt 

Firing 

Position  of  Slides 

Rote 

of  'Fire 

Rd. 

Lot  No. 

Recoil 

Buffer 

at 

at 

Pin 

Relative  to  the 

Per 

No. 

Comp. 

unlocking 

beginning 

Ve locity 

Bolt  at  beginning 

Round 

Average 

of  buffer 

of  unlocking 

in. 

in. 

f/s 

f/s 

f/s 

in. 

s/m 

Vents, 

.070  in.;  Recoil  Spring  Assembled 

Ht«,  11.31  in.;  Ml  Feed 

5530 

.66 

.1*6 

35.5 

15.8 

9.5 

.13 

667 

5531 

.66 

.29 

29.8 

23  .6 

lb.  5 

.10 

755 

5532 

— 

.51 

29.2 

22.9 

13.6 

.07 

733 

5533 

.65 

•56 

32.3 

23.6 

13.5 

.11 

765 

5535 

.63 

.50 

32.3 

25.9 

Hi. 6 

.08 

776 

751 

5135 

-7U 

.51 

28.6 

22.6 

— 

.03 

727 

51136 

.88 

.55 

27.0 

25-6 

12.9 

.03 

752 

5537 

.31 

•50 

25.5 

21.0 

11.8 

.23 

795 

5533 

.69 

.66 

31.6 

25.3 

10.6 

.17 

792 

5539 

— 

•  52 

31.9 

26.0 

10.3 

.10 

— 

Vents,  .070  in 

.  Recoil 

spring  asse 

sribled  Ht.  11.1,5  in. 

5550 

.65 

.53 

29.5 

22.0 

8.6 

.13 

737 

5551 

.65 

•55 

27.3 

23.6 

15.2 

.03 

751 

5552 

.72 

•51 

29 .9 

23.6 

13.0 

.11 

721 

5553 

.72 

.50 

30.1 

22.5 

12.1 

.19 

710 

5555 

.70 

— 

23.5 

22.5 

12.1 

.13 

707 

732 

5555 

.75 

.60 

33.2 

25.9 

10.6 

.13 

739 

5556 

-75 

•  55 

33.2 

25.6 

il,.5 

.17 

758 

5557 

.83 

— 

32.0 

26 .5 

— . 

— 

736 

5558 

.31, 

.55 

33  =2 

26.5 

— 

— 

739 

5559 

— 

— 

33.9 

26 .5 

12.5 

.12 

— 

'ABIE  I 


Results  of  Increasi 

ng  the  Rato 

of  Fire 

20  rn/iti  Gun, 

,  V2  (Olds),  No.  30013 

,  Tube  No. 

30021;  Feed,  LI  (C.F 

.S.) 

Buffer,  Combination 

Ring  and  Coil  Spring 

Gun 

Arran. 

Lax. 

Lax . 

Velocity  of  Bolt 

Firing 

Position  of  Slides 

Rate 

of  Fire 

ltd. 

Lot  No. 

Recoil 

Buffer 

at  at 

Pin 

?.elative  to  the 

Per 

No. 

Comp. 

unlocking  beginning 

Velocity 

Bolt  at  beginning 

Round 

Average 

of  buffer 

of  unlocking 

in. 

in. 

f/s  f/s 

f/s 

in. 

a  /m 

Adapter , 

Vents,  .070 

in..  Driving 

Spring, 

Free  Pit,  23.7  in.. 

k  =  7 .7  lbs/in 

5U?o 

.35 

_ 

33.2 

■  ?.? 

.20 

722 

5U51 

.98 

— 

3U.3 

— 

13-3 

.22 

738 

51x52 

1.02 

- — 

33.8 

15.3 

.07 

7lU 

5U53 

l.oU 

— 

3U.C 

— 

13.7 

.m 

720 

5U5U 

1.06 

— 

3U.3 

— 

15  o3 

.10 

707 

5U55 

1.0U 

— 

3U.1 

— 

1U.5 

.n 

713 

5U56 

1.03 

— 

32.0 

— 

12.6 

.13 

702 

5U57 

1.07 

— 

33.5 

— 

10.6 

.1U 

726 

51x58 

1.07 

— 

33.2 

— 

12.8 

.13 

728 

51x5? 

— 

— 

32.7 

— 

18.3 

.10 

— - 

TABLE  II 


Trunnion  Reaction  Maxim 
20  ra/m  Gun,  M2  (old3),  No.  30013,  Tube  30021 
Adapter,  Standard  Front  Recoil  Spring  and  Ring  Spring  Counter-recoil  Unit 
Feed,  Ml.  Temperature  78°F  (Approx.) 


Gun 

Recoil 

Ctr.-Rec. 

Max. 

Max. 

Rate  of 

Vel.  of  bolt 

Rd. 

Force 

force 

Recoil 

Buffer 

fire 

at  beginning 

No. 

dist. 

Conp. 

of  buffer 

lbs. 

lbs . 

in. 

in. 

shots/m' 

f/s 

Recoil  Spring  Assembled  Ht., 

11.31  in. 

;  Vents, 

.030  in.; 

Driving 

Spring,  Free  Ht., 

23-7  in., 

k  =  7.7  lbs/in. 

Aver 

• 

51*63 

1150 

2610 

.67 

.59 

81*3 

30.9 

5U6U 

1250 

2210 

'  063 

.61 

81*8 

30.3 

51*65 

121*0 

1990 

.61* 

.61 

827 

29.3 

51*66 

1160 

1570 

.55 

•  52 

31*1*  330 

30.9 

5167 

13 ’00 

1770 

.59 

.56 

312 

29.3 

51*63 

1150 

2100 

.61 

.60 

303 

29.8 

51*69 

1190 

221*0 

.67 

— 

— — 

— 

51*70 

1170 

2010 

.69 

.61 

339 

30. .3 

51*71 

1230 

1550 

.52 

.61 

371 

29.2 

51*72 

1170 

21*30 

.53 

.61 

623  837 

23.6 

51*73 

1260 

1200 

.57 

.62 

320 

29.8 

51*71* 

1200 

11*50 

.56 

.61 

831* 

32.2 

51*75 

1120 

1350 

.61 

.63 

— 

31.0 

